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Abstract: Preparation of methylenedifluorocyclopropanes 2 through the -elimination reaction promoted by
difluorocyclopropyl anion formed by cleavage of C-Si bond with TBAF is described  Base-catalyzed
isomerization of 2 to difluorocyclopropene 11 shows the latter structure thermodynamically more stable in
contrast to non-fluorinated cases.  Application of this method to the synthesis of methylenedifluorocyclo-
propylglycine (F,MCPG) derivative 17 is also presented. © 1999 Elsevier Science L.td. All rights reserved.

Introduction
Methylenecyclopropane derivatives (MCPs) are well documented as useful intermediates in synthetic

organic chemistry, particularly in ring-opening reactions and cycloadditions with unsaturated compounds.'”

In addition, considerable attention has been focused on their biological activities.® Biologically active natural
substances such as MCPA-CoA or MCPF-CoA having methylenecyclopropane moiety are typical examples.*
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eneral acyl-CoA dehydrogenase or enoyl-CoA
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These compounds show highly inhibitory aciivilies againsi g
hydratase (crotonase), responsibie for f-oxidation pathway of faty acid metabolism.>®  Our interest is focused
on the modification of such methylenecyclopropanes by infroducing fluorine atoms on the ring so that their
reactivity would change due to the strong electron-withdrawing nature of fluorine. For example, methylene-
difluorocyclopropane (F,MCP) was shown to act as a reactive Michael acceptor,” which would suggest the
possibility of F,MCP to be a useful tool for mechanistic study of enzyme reaction or molecular design of
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inhibitor of enzyme reaction. In the prev1ous paper,”® we reported the preparation of methylenedifluoro-

cyclopropanes (F,MCPs) through the elimination reaction of selenoxides derived from difluorocyclopropyl
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ring.” However, it was found to have a limitation in the case of aryl substituted cyclopropanes due to ring
opening rearrangement prior to elimination of selenoxide.” Moreover, intramolecular substitution reaction on
the selenoxide bearing carbon was also observed as a side reaction in a certain case.?

In this paper, we report more efficient method for preparation of F,MCPs 2 via cyclopropyl anion
promoted f-elimination reaction using the silylated difluorocyclopropane 1 and tetrabutylammonium fluoride
(TBAF)." Furthermore, we applied this method to the synthesis of methylenedifluorocyclopropylglycine

(F,MCPG) 3 (Scheme 1)}

0040-4020/99/% - see front matter © 1999 Elsevier Science Ltd. All rights reserved.
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Resuits and discussion

The starting trimethylsilylated (Z)-allylic alcohol 5 was prepared from the TMS-acetylene 4 according to
the reported procedure.'' Acylation of the hydroxyl group followed by the cis-addition of difluorocarbene to
the ester gave the difluorocyclopropane 1 (see Table 1, 3) in good yield. While the treatment of the ester 1a-c
with 10% KOH in MeOH at 1t or 1% KOH in MeOH under reflux resulted in the protodesilylation
predominantly, saponification of 1a-¢ with 1% KOH in MeOH at rt gave the alcohol 7a-¢ in good yield. The
alcohols 7a, 7b were converted to the mesylate 8a, 8b. Etherification of 7a with 4- methoxybenzyl chloride in

Scheme 2
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N TBAF (2 eq.) N
A/\ga‘ A
R’ \TMS rt, 5-10 min R/ AN
T?.b Prenaration of Alkvl-suhgtituted F, N e Y 2
1 Prepar Ikyl-substituted F,MCPs 2
Eniry Substrate R R} Solvent 2 Yield (%)?
1 1a PMBOCH,"  Ac THF 2a 66
~ 1a o Adiolvme LQ
2 F v -1 LR Uipay ke [47a]
3 ia’ Bz THF 83
4 8a Ms diglyme 82
5 9a PMB® THF 0°
6 ib  PMBO(CHy; Bz THF b 90
7 1b Bz digyme 86
8 8b Ms diglyme 71
T T T e T nCHy; Bz THF ¢ 84

a) Isolated yield. b) PMB: 4-methoxybenzyl c) Protodesilylated product, 1,2-bis(4-methoxy-
benzyloxymethyl)-3,3-difluorocyclopropane, was isolated in 90 % yield.

the presence of NaH was not fruiiful giving rise io the proiodesilyiated compound, but the ether $a was
obtained under the neutral conditions using 4-methoxybenzyl 4-pentenyl ether and NIS system.'? Each
diastereomer of the acetate form of secondary alcohol 1d was synthesized as follows; the Swern oxidation of
the alcohol 7a gave the aldehydes 10a, which reacted with the Grignard reagent to give the alcohol 7d as a
mixture of diastereomers. After separation of the diastereomers by column chromatography, each isomer was
acetylated to give less polar-1d and more polar-1d, respectively. By the similar procedure, less polar-1e and
more polar-1e were obtained (Scheme 2).

We reported that di ifluorocyc

elimination reaction of the tmnethylsxlylated difluorocyclopropylmethanol derivatives 1 (or 8, 9a). Results
with the cyclopropanes having alkyl substituent are summarized in Table 1. Regarding the leaving group,
acetate, benzoate and mesylate were found to be effective and the reaction proceeded at rt within 10 min to give
the methylenated products 2 in good yields. However, as in the case of 9a, alkoxyl group didn’t work as the
leaving group resulting in the formation of only protodesilylated product, 1,2-bis(4-methoxybenzyloxymethyl)-
3,3-difluorocyclopropane (Entry 5).

Peterson olefination of hydroxy derivative 7 (treatment of 7 with NaH or KH e.g.) would be an
alternative methylenation procedure, which is among the used and convenient methods for the synthesis of
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amount of a base such as NaH and aiso due to the low reactivity of the silyioxy group as the leaving group.
In the case of secondary alcohol derivatives such as 1d and 1e, although relative configurations were not
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a) Reiative stereochemisiry of each diasiereomer was noi deiermined. b) Isolated yieid. c) Determined
by 'H- and PF-NMR. d) PMB: 4-methoxybenzy!

determined, we examined the stereospecificity of the P-elimination step taking the diastereomerically pure
isomers designated as less polar and more polar based on the TLC Rf value. As shown in Table 2, B-
elimination step proceeded with a little stereospecificity giving rise to a mixture of F and Z-isomers of the
corresponding alkylidenedifluorocyclopropanes 2d and 2e, as long as acetoxy group was used as the leaving
group.

In the case of aryl substituted difluorocyclopropanes 1f-1h, the corresponding F,MCP 2 and/or the

cvclonronenones 12 were obtained bv treatine with TRAF followed by usual agueous work-un dependine on
cyclopropenones 12 were obtained by treating with TBAF followed by usual aqueous work-up depending on
tha ranntinn annditinmee and tha acel aaithotitirant (Tahla 2) LChr avamala T /A _Dh) anva tha I ANAMD 28 ooa
HIC JCacuuil Lunuiuvin 14 uic yisuuvsul I 1avic o) 1'Ul CA IpPic, it \Ad--IC1i1) gavo uic 1 21\'1\.1’ LR 1
80% yield together with the isolation of the cyclopropenone 12§ (5% yield) and the recovery of 1f (11%) when

the reaction was carried out at low temperature (-20 °C for 5 min, Entry 1). An exclusive formation of the
cyclopropenone 12f (98% yield) was observed when the reaction was conducted atrt for 2 h (Entry 2). By
monitoring the reaction of 1f with TBAF in THF-CDCL, by ""F-NMR, the formation of 2f (-78.0 and -63.1
ppm with geminal coupling 172 Hz) was firstly observed, then the intensity of the additional signal (-46.6 ppm,
singlet) possibly due to the cyclopropene 11f'* gradually increased. Thus, these results indicate that TBAF
acts as a base catalyst for deprotonation and isomerization of 2f to form the difluorocyclopropene 11f, which is

e a'ly bJrl rolvzed by aqueous work-un g vin
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pathway, the substituent effect of the aryl group on the relationship between the reaction conditions (particularly
reaction temperature) and the product distribution can be well understood; that is, electron-donating nature of 4-

methoxy group (1g, Ar=4-MeOCH 4") resulted in the retardation of the base-catalyzed isomerization of 2g
(Entries 3-5) as compared with 2f (Ar=Ph), while electron-withdrawing nature of 4-chloro group (1h, Ar=4-
CIC,H,) enhanced such isomerization observing the formation of the cyclopropenone 12h even when the
reaction was carried out at -78 °C (Entries 6-8).

It should be noted that the effect of geminal difluoro substituent on the isomerization between
cyclopropene and exomethylene leads to the difluorocyclopropene structure thermodynamically more favorable,

while in the cases of non-fluorinated substrates isomerization of alkylcyclopropene to exocyclic double bond
comnonnd releacing the ctrain enerov (hy 6-10 keal/mal) ig favorahle nrocece and csuch icomerization nroceeds
VUlllyUullu l\./l.\tudulﬁ LW JulAlll wilwi \v VLV RWVANIIRVA) 10 iavYVikuvaw PIVVVOU IV DMVEL AOVIIIWE ALARRAVIR PR UV RS



A. Shibuya et ai. / Tetrahedron 55 (1999) 10325-10340 10329
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Table 3 Treatment of Aryl-substituted Substrates 1 with TBAF

Entry Substratel  Ar Temp. Time 2 (%)* 12 (%) 1 (%)
1 1f CeHs -20°C 5 min 80 5 11
2 i rt 2h - 98 -
3 lg 4-MeOCeH,; 40--30°C 1.5h 63 2 29
4 1g 0°C 10 min 73 10 -
5 ig rt 20 min 36 58 -
6 1h 4-CICsH, 78 °C 1.5h 46 25 -
7 1h -40~— -30°C 1h 12 39 16
8 ih rt 30 min - 79 -
a) Tsolated yield.

in the presence of +-BuOK as the base.'” For the base catalyzed isomerization of aryl substituted F,MCP 2f-
2h to the cyclopropene 11f-11h, TBAF is basic enough as described above, but not for alkyl substituted
F,MCP. Upon treating 2b with 1.5 eq +~BuOK in THF at 1t followed by aqueous work-up, the

cyvclopropenone 12b was isolated in 75% vield without the recovery of 2b (Scheme 3). Again, this resul

—

suggests that difluorocyclopropene 11 is thermodynamically more stable than methylenedlﬂuorocyclopropan 2
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in contrast to non-fluorinated cases. In uuluuxUny Opi ne ki, ine stroig eleciron-withdraw ini ig nature of
fluorine makes the fluorine-attached carbon aiom positive to siabilize this ring sysiem as 2f-electron
aromaticity.
Scheme 3
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We applied the present method to the preparation of F,MCPG derivatives 17 (Scheme 4).
Trimethylsilylated difluorocyclopropane 14 was obtained by the addition of difluorocarbene to corresponding
olefin 13 in good yield. Deprotection of benzyl ether, Swern oxidation followed by the Strecker reaction gave
the aminonitrile 16 as a mixture of diastereomers. Each diastereomer separated by column chromatography
was treated with TBAF for methylenation and then methanolysis of nitrile group gave the methyl ester.
with di-fert-butyl dicarbonate affi
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the authentic samples.



10330 A. Shibuya et al. / Tetrahedron 55 (1999) 10325-10340
Scheme 4
R F R F
32032\ CIGF2COONa BZO‘\A 1) Hp, PA(OH), BZO\A
T™S —OBn digiyme, 180°C  1mg”  N\_oBn 2) Swern Ox. ™s”  cHo
13 M 97% 15
R F R F
KCN, NH4Cl Bz0— Y ; 1) TBAF \X .
NH;0H T™S 2.CN  2) HCI, MeOH A%COOME
.L L 3) BocyO, NaHCO4 NHBoc
16 34 % (from 14) (25*,1'S%)-17 48 %
(285*,1'S%) . (25*,1R*)=1.2:1 (25*,1'R*)-17 49 %

In conclusion, F,MCPs can be prepared by difluorocyclopropyl anion promoted f-elimination using the

trimethylsilylated difluorocyclopropane and TBAF, and this was applied to the synthesis of protected F, MCPGs
Rase- Cat‘alv'z'pﬂ isomerization of F MCPs vroceeds to give thermodvnamically more stable difluorocvelo-
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propenes, which are easily hydrolysed to the cyclopropenones.

Experimental Section

"H- and "*C-NMR spectra were taken on a Brucker AM400 or a Varian Gemini-300 spectrometer, and
chemical shifts were reported in parts per million (ppm) using CHC, (7.26 ppm) in CDCl, for '"H-NMR, and
CDCl, (77.01 ppm) for ’C-NMR as an internal standard, respectively. '’F-NMR spectra were taken on a
Brucker AM400 spectrometer, and chemical shifts were reported in parts per million (ppm) using
benzotrifluoride as a standard. Infrared spectra (IR) were recorded on a Perkin-Elmer FTIR-1710 infrared

snectronhotometer. Mass gnectra (MS) were obtained on a Hitachi M-80 or VG Auto gnec Medmim
pectropholometer vass spectra (Mo) oovtamed on a Hiacht Ivi-su Ao spec.  Medmum
- BriAd Ahemamrntancanhe: (AADT ™ wrnn marfAcmaad aina neramankbad anlisae failina aal &N 1100) it TTV
pr G CAromatograpny (vir LA ) Was perioned using prepackea Coimin (Suica gei, Jv fim) wiul u v

Ao ortea
CH3UIT pyun
1

ny

or Ki aetectior.

1-Acetoxymethyl-3,3-difluoro-2-(4-methoxybenzyloxymethyl)-1-trimethylsilylcyclopropane
(1a)

Under Ar atmosphere, to a solution of 1-(4-methoxybenzyloxy)-4-acetoxy-3-trimethylsilyl-2-butene
(3.56 g, 11.1 mmol) in diglyme (10 ml) was added CICF,COONa (16.9 g, 111 mmol) in diglyme (50 ml)
dropwise over 8 h at 180-190 °C. The solution was stirred for 2 h at 180-190 °C and poured into ice-cold water
after cooling. The mixture was extracted with hexane (3 x 50 ml). The combined organic phases were washed

chromatography (hexane/AcOFt=8:1) t tain g (%4 %) o s a colorless oil. IR (meat) vem™; 17
1250, 844. 'H-NMR (400 MHz, CDCi,)6;0.17 (9 H, s), 1.88 (1 H, ddd, / = 15.3, 7.7, 7.6 Hz), 2.07 (3 H,
s), 3.64 (2 H, m), 3.82 3H, s), 4.05(1 H,dd, /= 11.8, 1.3 Hz), 4.23 (1 H, ddd, /= 11.8, 1.9, 1.6 Hz),

4.43(1 H, d, J = 11.4Hz), 4.50 (1 H, d, /= 11.4 Hz), 6.90 (2 H, m), 7.27 (2 H, m). "C-NMR (100.6
MHz, CDCL)4; -0.32, 20.8, 23.6 (dd, J = 18.3, 6.8 Hz), 31.8 (dd, /= 9.8, 9.6 Hz), 55.2, 63.6, 66.0 (d, J
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=9.1 Hz), 72.0, 113.8, 117.3 (dd, J = 293.3, 279.5 Hz), 129.3, 130.1, 159.3, 170.5. "°’F-NMR (376.5 MHz,
CDCL)é6; -70.9 (1 F, d, J = 157.0 Hz), -68.9 (1 F, dd, J = 157.0, 15.3 Hz). MS (ED) m/z; 372 (M), 312,
121.  Anal. Calcd for C, H, F,0,Si: C, 58.04; H, 7.04. Found: C, 58.29; H, 7.16. .
1-Benzoyloxymethyl-3,3-difluoro-2-(4-methoxybenzyloxymethyl)-1-trimethylsilylcyclo-
propane (1a’)

Compound 1a’ was prepared in 83 % yield from 1-(4-methoxybenzyloxy)-4-benzoyloxy-3-

trimethylsilyl-2-butene (317 mg, 0.82 mmol). 1a’: colorless oil. IR (neat) v cm'; 1721, 1273, 1251, 844.
l —-— A Y e u \ 4 MM 71 TIT 3 51 ¥ E R B 4 Y 0o n - N YY % -~ N e XYY .

H-NMR (400 MHz, CU\,"‘ig}é',G.iS (9 H, s), 1.99 (1 H, ddd, s =13.0, 8.8, 7.8 Hz), 3.63 (1 H, ddd, J =
10.8, 8.8, 1.5 Hz), 3.68 (1 H, ddd, J = 10.8, 7.8, 1.3 Hz), 3.77 (3H, s), 4.31 (1 H, dd, J= 11.8, 1.6 Hz),

440(1H,d,J=11.3 HZ), 4.43(1 H,dm, J=11.8 Hz), 4.47 (1 H, d, J=11.3Hz), 6.85 (2H, m), 7.23 (2
H, m), 7.39 (2 H, m), 7.53 (1 H, m), 8.01 2 H, m). "C-NMR (100.6 MHz, CDCl,)d;-0.27, 23.9 (dd, J =
18.5, 6.8 Hz), 32.0 (dd, J = 9.7, 9.5 Hz), 55.2, 63.7, 66.3 (d, J = 8.3 Hz), 72.0, 113.8, 117.4 (dd, J =
293.7, 279.7 Hz), 128.4, 129.3, 129.6, 129.8, 129.9, 133.0, 159.2, 166.3. ""F-NMR (376.5 MHz,
CDCL)8; -70.4 (1 F, d, J= 157.0 Hz), -68.2 (1 F, dd, J = 157.0, 13.0 Hz). MS (ED) m/z; 434 (M"), 329,
121. Anal, Calcd for C, H, . F.O
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Compound 1b was prepared in 86 % yield from 1-benzoyloxy-2-trimethylsilyl-10-(4-methoxybenzyl-
oxy)-2-decene (3.78 g, 8.1 mmol). 1b: colorless oil. IR (neat)v cm’; 2940, 2860,1720. 'H-NMR (400 MHz,
CDCL,)d;0.21 (9 H, s), 0.89 (1 H, dd, J=7.0, 6.7 Hz), 1.21-1.48 (8 H, m), 1.49-1.72 (4 H, m), 3.43 (2 H,
t,/ = 6.6 Hz), 3.80 3 H, s), 431 (1H, dd, / =11.8, 1.8 Hz), 4.42(1 H, d,J = 11.8 Hz), 4.43 2 H, s),
6.88 (2 H, m), 7.26 (2 H, m), 7.45 (2 H, m), 7.57 (1 H, m), 8.04 (2 H, m). *C- NMR (100.6 MHz,
CDCL)é; -0.01, 23.7 (dd, J = 17.8, 7.5 Hz), 24.2, 26.0, 28.9, 29.3, 29.5, 29.7, 33.3 (dd, /= 9.6, 9.4 Hz),
55.2,67.1(d, J=8.8 Hz), 70.1, 72.5, 113.7, 118.5 (dd, J = 294.5, 280.3 Hz), 128.4, 129.2, 129.5, 129.9,

19
130.7, 133.0, 159.1, 166.3. "F-NMR (376.5 MHz, CDCL,)$;-72.0 (1 F, d, J=154.0Hz), -68.3 (1 F, dd, J
— e N 2 10 /At 200 171 Acent M.l 3 £ _ M TIT T, MNQ:. 1 £7 18. X o] ~
= 154.0, 12.0 Hzj. MS (El) m/z; 518 (M"), 396, 121. Anal. Calcd for C,H,F,0,8i: C, 67.15; H, 7.77
I ALY
Z :

1- Benzoyloxymethy -3,3-difluoro-2-hexyl-1-trimethylsilylcyclopropane (l1c¢)

Compound 1¢ was prepared from 1-(4-methoxybenzyloxy)-4-benzoyloxy-3-trimethylsilyl-2-butene (8.0
g, 25.2 mmol). Purification by column chromatography (hexane/AcOEt=50 :1) gave 1c (9.14 g, 98 %). lc:
colorless oil. IR (CHCL) vem';1718, 1606, 1452. 'H-NMR (400 MHz, CDCL,)8; 0.22 (9H, s), 0.88 (3H,
br.t, J=6.8 Hz), 1.22-1.37 (6H, m), 1.37-1.47 (2H, m), 1.53-1.67 (3H, m), 4.32 (1H, dd, / =11.9, 1.9 Hz),
4.42 (1H, d, J =11.8 Hz), 7.42-7.50 (2H, m), 7.58 (1H, br.t, J =7.4 Hz), 8.01-8.06 (2H, m). *C-NMR

1147, 111 Ll VU R&22; 2

(100.6 MHz, CDCL) § : 0.00, 1

VLU AVRRR S, Seaiaqy U

0,22.5,23.8(dd, J=17.9, 7.7 Hz), 24.3, 28.7, 29.6, 31.7, 33.4

Ay tnd T BNy W TR 7 RREify

4.

8.6 (dd, J =294.5, 280.3 Hz) 128.4, 129.6, 130.0, 133.0, 166.4.
(“7’ 5 MHz, Cmi3)o 71 1 (ED
353 (M*-CH,). Caled for C,H,,0,F,Si: C, 65.18; H, 8.20. Found: C, 65.1
1-Acetoxymethyl-3,3-difluoro-2-phenyl-1- tnmethylsuIylcyclopropane (1f)

Compound 1f was prepared from 3-acetoxy-1-phenyl-2-trimethylsilylpropene (2.9 g, 11.7 mmol).
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Purification by column chromatography (hexane/AcOEt=20 : 1) gave 1f (2.66 g, 76 %) as a colorless oil. IR
(CHCL) v cm'; 1738. "H-NMR (400 MHz, CDCL,)3; 0.15 (9H, s), 2.04 (3H, s), 2.85 (1H, d, J=14.1 Hz),
4.25(1H, dd, J =11.8, 1.5 Hz), 4.36 (1H, d, J =11.8 Hz), 7.24-7.36 (5H, m). *C-NMR (75.2 MHz, CDCl,)
6 ;-1.90, 20.9, 27.6 (dd, J =18.3, 6.8 Hz), 35.0 (dd, J =12.1, 8.6 Hz), 65.6 (d, J =8.9 Hz), 117.4 (dd, J
=292.7, 282.8 Hz), 127.4, 128.3, 129.7, 132.9, 170.6. '’"F-NMR (376.5 MHz, CDCL) 6 ; -67.3 (1IF, d, J

L4 1J& AVERRL,, WA LY 5 Sy &

=157 Hz), -64.5 (1F, dd, J =157, 15 Hz). MS(EI) m/z; 298 (M"), 221, 166. Anal. Caled for C,;H,,0,F,: C,

AN SR LT 676 Found- 0 AN 1A T & £Q
OU.06, 11, 6.7/0. I'OuUnaG: C, 6U.54, 1, 6.5%.
1
1

-Acetoxymethyl-3,3-difluoro-2-(4-methoxyphenyi)-i-trimethyisilyicyciopropane (ig)
Compound 1g was prepared from 3-acetoxy-1-(4-methoxyphenyl)-2-trimethylsilylpropene (2.1 g, 7.55
mmol). Purification by column chromatography (hexane/AcOEt=20 :1) gave 1g (1.67 g, 68 %) as a colorless
oil. IR (CHCL,) v ecm™; 1740, 1614. 'H-NMR (400 MHz, CDCL,)3; 0.20 (9H, s), 2.17 (3H, s), 2.82 (1H, d,
J=11.6Hz), 3.73 (1H, dd, J =11.9, 1.1 Hz), 3.79 (3H, s), 4.06 (1H, ddd, J=11.9, 3.8, 1.3 Hz), 6.83 (2H,
m), 7.15 (2H, d, J =8.6 Hz). ’C-NMR (75.2 MHz, CDCl,) § ; -1.84, 20.8, 23.9 (d, J/ =19.5 Hz), 31.4(t, J
=10.9 Hz), 55.1, 62.5(d, J=10.9 Hz), 113.9, 116.8 (dd, 7 =289.1, 284.3 Hz), 122.8, 130.8, 158.8, 170.4.

F-NMR (376.5 MHz, CDCL) & ; -77.7 (IF, d, J =157 Hz), -56.1 (1F, ddd, J =157, 12,3 Hz) . MS(ED) nvz;

Ay 2l AVERI\iaay

328 (M), 313, 269, 253. Calcd for C, H,,0,F,Si: C, 58.51; H, 6.75. Found: C, 58.44; H, 6.68
i-Acetoxymethyi-3,3-difluoro-2-(4-chiorophenyi)-i-trimethyisiiyicyciopropane (ih)
Compound 1h was prepared from 3-acetoxy-1-(4-chiorophenyl)-2-trimethylsilylpropene (1.93 g, 6.85
mmol). Purification by column chromatography (hexane/AcOEt=30 :1) gave 1h (1.56 g, 68 %) as a colorless
oil. IR (CHCL) v em™; 1740. 'H-NMR (400 MHz, CDCL,)&; 0.16 (9H, s), 2.11 (3H, s), 2.77 (1H, d, J =13.9
Hz), 4.26 (2H, dd, J =38.9, 11.8 Hz), 7.26 (4H, m). '*C-NMR (75.2 MHz, CDCl,) § ; -1.09, 20.9, 27.8 (dd,
J=18.0, 6.5 Hz), 34.4 (dd, J =12.3, 8.5 Hz), 65.5 (d, J =8.7 Hz), 117.1 (dd, J =292.2, 282.4 Hz), 128.5,
131.1, 131.6, 133.4, 170.6. “F-NMR (376.5 MHz, CDCl,) 6 ; -67.3 (1F, d, J =157 Hz), -64.6 (1F, dd, J
332 (M), 272, 270, 257, 255. Calced for C. H. O F SiCl: C, 54.13; H, 5.75.

b e N2 'l 43 sl b = 5T 9~ 3R AN 1 ARy
Found: C. 53.06: H 5.84
L UM Vv ey 1Ly SO
3,3-Difluoro-1-hydroxymethyl-2-(4-methoxybenzyloxymethyl)-1-trimethylisilylcyclopropane
(7a)

A mixture of 1a (500 mg, 1.34 mmol) and KOH (120 mg, 3 mmol) in MeOH (12 ml) was stirred for 3 h
at rt. After evaporation, to the reaction mixture was added water, and then it was extracted with AcOEt. The
extracts were washed with brine, dried over MgSO, and evaporated to dryness. The residue was purified by
column chromatography (hexane/AcOEt = 4 : 1) to obtain 7a (297 mg, 67 %) as a colorless oil. IR (neat) v
cm’'; 3429, 1250, 844. 'H-NMR (400 MHz, CDCL,)8;0.18 (9 H, s), 1.81 (1 H, dm, J = 4.4 Hz), 2.18 (1 H,
brs), 3.57 (1 H, ddt, J/ = 9.5, 8.0, 1.5Hz), 3.66 (3H, m), 3.81 (3 H,s),443(1H,d, J=11.3Hz), 4.47 (1

1

13
H,d, J=11.3Hz), 6.89 2H, m), 7.27 2 H, m). "“C-NMR (100.6 MHz, CDCL,)J;-0.20, 27.2(dd, J =
12.9, 16.3 Hz), 31.2 {dd, /= 9.7, 8.7 Hz), 55.2, 64.0, 64.6, 72.3, 113.8, 118.0 (dd, / = 288.3, 283.9 Hz),
~n ~r - o 10y aTR avs s o~ owoETTY Pt val Y - e T & N YY N sy s
i29.6, 129.7, 159.3. "F-NMR (376.5 z, C 7 (1F,d, J=159.0 Hz), -69.5 (

F,d, j=155.0
Hz). MS (ED) m/z; 3 .32. Found: C,
57.93; H, 7.24.

3,3-Difluoro-1-hydroxymethyl-2-[7-(4-methoxybenzyloxy)heptyl]-1-trimethylsilylcyclo-
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propane (7b)

Compound 7b was prepared from 1b (1.04 g, 2.0 mmol). Purification by column chromatography
(hexane/AcOEt=7 : 1) gave 7b (624 mg, 76 %) as a colorless oil. IR (neat) v cm’'; 3446, 1249, 844. 'H-
NMR (400 MHz, CDC1,)é;0.19 (9 H, s), 1.20-1.44 (9 H, m), 1.45-1.63 (5H, m), 3.43 2 H, t, J = 6.6 Hz),

3.62(1H, d,J=11.6Hz),3.73 (1 H, d, J = 11.6 Hz), 3.80 3 H, s5), 4.43 2 H, s), 6.88 (2 H, m), 7.26 (2
H, m). C-NMR (100.6 MHz, CDCL)§ ; 0.06, 24.2, 26.1, 27.0 (dd, J = 15.8, 7.9 Hz), 29.0, 29.3, 29.7,
32.2(dd, J = 9.6, 9.5 Hz), 55.2, 65.4 (d, J = 9.0 Hz), 70.1, 72.5, 113.7, 119.3 (dd, J=293.0, 281.3 Hz),
129.2, 130.8, 159.1. "F-NMR (376.5 MHz, CDCL,)8 ; -71.4 (1 F, d, J = 154.0 Hz), -69.7 (i F, ddd, J =

154.0, 13.0, 1.0 Hz). MS (ED) m/z; 414 (M"), 396, 121. Anal. Caled for C,,H, F,0,Si: C, 63.73; H, 8.75.
Found: C, 63.71; H, 8.79.
3,3-Difluoro-1-(1-hydroxyethyl)-2-(4-methoxybenzyloxy)methyl-1-trimethylsilylcyclo-
propane (7d)

Under an Ar atmosphere, to a solution of the aldehyde 10a (791 mg, 2.4 mmol), obtained by treating 7a
with CICOCOCI, DMSO and EyxN, in ether (3 ml) was added MeMgBr (2.52 M solution in THF, 1.9 ml, 4.8

=70 °C. The mixture was stirred for 1.5 h at this temnerature. The reaction mixture wag
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and brine. Then it was dried over Na,SO, and conceniraied. The residue was purified by chromaiography
(hexane/AcOEt=5 : 1) to give less polar-7d ( 529 mg, 64 %) and more polar-7d (180 mg, 22 %) in the order of
elution. less polar-7d: colorless oil. IR (CHCL,) v cm’; 3625, 1614. 'H-NMR (400MHz, CDCL,)é; 0.20
(9H,s), 1.35 (3H, d, J=6.6 Hz), 1.73 (1H, dt, J=13.0, 7.5 Hz), 1.83 1H, d, J=4.0 Hz), 3.63 (2H, d, J=7.5
Hz), 3.69 (1H, m), 3.81 (3H, s), 4.42 (1H, d, /=11.4 Hz), 4.47 (1H, d, J=11.4 Hz), 6.89 (2H, m), 7.26
(2H, m). "C-NMR (75.2 MHz, CDCL,) 6 ; 1.65, 21.2, 30.7 (t, J=9.5 Hz), 30.8 (dd, J=7.0, 14.2 Hz), 55.2,
63.8, 71.7 (d, J=9.1 Hz), 72.1, 113.7, 118.4 (dd, J=292.7, 280.3 Hz), 129.3, 129.5, 129.9, 159.2. °F-
NMR (376.5 MHz, (‘D("l \8 -71.0 (1F, dd, J=158, 13 Hz), -68.03 (1F, d, J=157 Hz). MS(ED m/z;

AUAL, AN y L2, VO U 2 i:L) YO AA1)

344(M’), 309, 281. Anal. Calcd for C,H,,O,F,Si: C, 59.28; H, 7.61. Found: C, 59.05; H, 7.84. more polar-

: colorless oil. IR (CHCL) . 2L 1Z£1A 1T RIANAD FANNMMIT.  Tw' \c N AN 01T o
/a5 COI0TIESS 01t [\_,l"ll_,l:,’) vV cm , 0L, 1014, N-INIVIK (4UUIVELZ, LIJLJS) , U. LU (Y11, S) 1.94 (on, qQ,

J=6.6 Hz), i.79 (iH, s), 1.86 (iH, di, J=i3.1, 7.6 Hz), 3.65 (3H, m), 3.81 (3H, s), 4.44 (iH, d, j=11.4
Hz), 4.47 (1H, d, J=11.4 Hz), 6.88 (2H, m), 7.26 (2H, m). *C-NMR (75.2 MHz, CDCl,) 6 ; 1.63, 22.5

31.8 (dd, J=14.5, 7.3 Hz), 33.7 (1, J=9.2 Hz), 55.2, 60.3, 64.0, 72.3, 73.2(d, J=5.1 Hz), 113.8, 117.5 (dd
J=293.1, 280.1 Hz), 129.5, 129.7, 159.3. ""F-NMR (376.5 MHz, CDCl,) § ; -68.2 (1F, dd, /=161.0, 13.0
Hz), -66.9 (IF, d, J=161.0 Hz). MS(EI) m/z; 344(M"), 309, 281. Anal. Calcd for C,,H,,O,F,Si: C, 59.28; H,

7.61. Found: C, 59.50; H, 7.45.

3.3-Difluoro-1-(1-hydroxypronyl)-2-hexyl-1-trimethylsilylcyclopropane (7e)
rJ o o [y of | o | AN 7
less nolar-7e: colorless oil. IR (neat) v em': 3626, 3477, 1448, '"H-NMR (400 MHz. CDCL1&: 0.21 (9
A PGk To LURVLIVSS Uik, AN \IRVAY ¥ VKL JULY, JT 7, AFTFU. LATINIVUN \TTUV 1VallL, syl Vel S
aY N OO FALT ¢« JT_"7 1 LI NON 72LT ¢ T_"T7 A LTI 1 97 1 AA /OLT .. 1T AS 1 78 (ST Y 2 I8 /11T dens
Ik, D), V.OF \OI1, L, J~/.1 1L}, U.T7T \Ok1, |, J—=/.F I1L}, l.Li&" 1.9 \7“, ny, 1.909-1./90 \JI1, 111}, J.20 {111, Ulli,
J=1.7Hz). "C-NMR (100.6 MHz , CDCL)¢; 2.07, 11.7, 14.0, 22.6, 24.1, 28.8, 29.8, 30.4 (dd J=13.4,

8.5 Hz), 31.7, 32.3 (dd, J=9.6, 9.5 Hz), 79.3 (d, J=8.8 Hz), 119.7 (dd, J=291.8, 283.3 Hz). "F-NMR
(376.5 MHz, CDCl,)6; -70.7 (1 F, dd, J = 154.0, 12.0 Hz), -70.2 (1 F, d, /= 154.0 Hz). MS (EI) m/z; 291
M*-1), 275, 201, 177.  Anal. Calcd for C, H, F,08i: C, 61.60; H, 10.34. Found: C, 61.84; H, 10.41.
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more polar-7e: colorless oil. IR (neat) v cm’'; 3628, 1446. "H-NMR (400 MHz, CDCl,)$; 0.20 (9 H, s), 0.89
(3H, t, J=7.0 Hz), 0.97 (3H, t, J=7.4 Hz), 1.23-1.70 (13H, m), 3.33 (1H, dm, J=3.5 Hz). >*C-NMR (100.6
MHz, CDCL,)5; 1.86, 11.1, 14.0, 22.6, 24.2, 28.8, 29.7, 29.9, 31.0 (dd, J=14.4, 8.1 Hz), 31.7, 34.5 (1,
J=9.0 Hz), 79.4 (d, J=4.4 Hz), 118.9 (dd, J=294.9, 280.9 Hz). "’F-NMR (376.5 MHz, CDCl, ,)0;-68.4 (1 F,
d, J=156.0 Hz), -66.9(1 F, dd, /= 156.0, 14.0 Hz). MS (ED) m/z; 274 (M’-H,0), 201, 73. Anal. Calced

114, (R Vit 2N -1t FAVY §

for C, H,,F,08i: C, 61.60; H, 10.34. Found: C, 61.46; H, 10.31.

1-(1-Acetoxve thell 2 2 _difluona ? (A mathoeohanesloselmeatbhal 1 éntoeadboloilalanala
-{1-Acetoxyethyl)-3,3-dilluoro-2-(4-methoxybenzyloxy)methyl-1-trimethylsilylcyclo-

propane (id)

After a mixture of less polar-7d (100 mg, 0.29 mmol), Ac,0 (0.04 ml, 0.44 mmol), pyridine (0.05 ml,
0.58 mmol) and catalytic amount of DMAP in CH,CL, (3 ml) was stirred for 50 min at rt, extractive work-up
(CH,CL,) followed by column chromatography (hexane/AcOEt=5 : 1) gave less polar-1d (107 mg, 95 %) as a
colorless oil. IR (CHCL) vem'; 1732, 'H-NMR (400MHz, CDCL,)8; 0.21 (9H, s), 1.36 (3H, d, J=6.6 Hz),
1.61 (1H, dt, J=12.5, 7.5 Hz), 2.04 (3H, s), 3.62 (2H, m), 3.81 (3H, s), 4.42 (1H, d, J/=11.4 Hz), 447 (1H,
d, J=11.4 Hz), 4.72 (1H, qd, J=6.6, 1.3 Hz), 6.88 (2H, m), 7.25 (2H, m). *C-NMR (75.2 MHz, CDCl,) § ;
1.54, 18.6, 21.2, 28.4 (dd, J=16.3, 7.0 Hz), 31.1 (t, J=9.8 Hz), 55.2, 63.6, 72.2, 73.2 (d, J=9.8 Hz), 113.8

xdajy o7 2 a0,

117.5 (dd, J=294.6, 279.0 Hz), 129.6, 129.9, 159.2, 169.5. "F-NMR (376.5 MHz, CDCl,) é ; -70.8 (1F,
dd, J=157.0, 12.0 Hz), -69.4 (IF, d, J=157.0 Hz). MS(EI) m/z ; 386(M"), 311, 281. Anal. Calcd for
C,,H,,0,F,Si: C, 59.04; H, 7.30. Found: C, 58.88; H, 7.06.

Similarly, more polar-1d was prepared from more polar-7d (191 mg, 0.56 mmol) in 93 % yield. more
polar-1d: colorless oil. IR (CHCL,) v cm™;1732. '"H-NMR (400MHz, CDCL,)§; 0.22 (9H, s), 1.38 (3H, d,
J=6.7 Hz), 2.03 (3H, s), 2.06 (1H, dt, J=12.8, 7.7 Hz), 3.62 (2H, m), 3.81(3H, s), 4.41 (1H, d, J=11.4 Hz),
4.49 (1H, d, J=11.4 Hz), 4.86 (1H, qd, J=6.6, 2.4 Hz), 6.89 (2H, m), 7.26 (2H, m). ?C-NMR (75.2 MHz,
CDC1)6'1 56, 20.4, 21.2, 29.2 (dd, /=16.5, 7.6 Hz), 34.1 (1, /=9.2 Hz), 55.1, 63.4, 72.7, 73.4 (d, J=4.0
13.7, 117.3 (dd, J=293.6, 281.0 Hz), 129.1, 130.0, 159.2, 170.1. F-NMR (376.5 MHz, CDCl,) § ; -

Ly AARLy WARLAS Y

AR 2 d =160 0 HA 87 2 (1K H7) AS(ETY m/7 - IRA (MY 211 21 nal Caled for

UO. o y OBy, v 1OV U X124y, “U/.T \110, 5 oF KAL) WYAI\UDAy My4 , JOU \iv: j, Ji1, &0, Nudidi. waillu vl
1 m A. 1T 7 2N L. 1. M SO 1. 1T 7 I
/.0U, TOUIKI. U, U¥7.14, I1, /.44,

C,H;;0,F,Si: C, 59.04; H,
1-(1-Acetoxypropyl)-3,3-difluoro-2-hexyl-1- trlmethylsﬂylcyclopropane (le)

less polar-le: colorless oil. IR (CHCL) v cm’; 1732. "H-NMR (400 MHz, CDCL,)g; 0.22 (9H, s),
0.89 (3H, t, J/=7.0 Hz), 0.90 (3H, t, J=7.4 Hz), 1.22-1.40 (9H, m), 1.47-1.64 (2H, m), 1.69 (1H, dud,
J=14.3, 7.4, 2.0 Hz), 1.78 (1H, dun, J=14.3, 7.5 Hz), 2.05 (3H, s), 4.60 (1H, ddd, J=8.9, 5.1, 1.6 Hz).
"C-NMR (75.2 MHz, CDCL,) 8 ; 1.85, 11.1, 14.0, 21.2, 22.6, 24.0, 27.1, 27.8 (dd, / =15.9, 8.1 Hz), 28.8,
29.6, 31.7, 32.4 (dd, J =9.8, 9.6 Hz), 78.5 (d, J =9.3 Hz), 118.3 (dd, J =294.9, 279.5 Hz), 169.8. "°F-

NMR (376.5 MHz, CDCl,) 6 ;-71.5 (1F, d, J =154.0 Hz), -69.3 (1F, ddd, J =154.0, 14.0, 3.0 Hz). MS(EI)
43, Anal. Caled for C,,H,,0,F,Si: C, 61.04; H, 9.64. Found: C, 60.99; H,
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d
J=14.8, 7.5, 7.3, 3.9 Hz), 1. l(lH dddd J=14.6, 8.3, 6.3, 1.5 Hz) 1.79 (IH dddd J—14 1,7.5,7.2,
Hz), 2.06 (3H, s), 4.56 (1H, ddd, J=10.1, 3.5, 3.4 Hz). *C-NMR (75.2 MHz, CDCL,) § ; 1.97, 10.8, 14.1,
21.1, 22.6, 24.0, 28.1, 28.7, 28.8 (dd, J =20.7, 8.4 Hz), 29.6, 31.7, 35.9 (dd, J =9.0, 9.2 Hz), 81.6 (d, J



=4.6 Hz), 118.5 (dd, J =295.6, 281.2 Hz), 170.7. ""F-NMR (376.5 MHz, CDCL,) & ; -69.6 (IF, d, J
=156.0 Hz), -65.8 (1F, dd, J =156.0, 14.0 Hz). MS(EI) myz; 334 (M"), 315, 305, 291. HRMS; Calcd for
C,¢H,,0,F,Si M'-CH,): 319.1905, Found: 319.1931.
3,3-Difluoro-1-mesyloxymethyl-2-(4-methoxybenzyloxymethyl)-1-trimethylsilylcyclo-
propane (8a)

After a mixture of 7a (565 mg, 1.71 mmol), pyridine (349 mg, 4.42 mmol) and MsCl (460 mg, 4.01

!1 at | A avirantive wark 1 Cu C

1sen th 1 da maocvliatea Qo
1 U ., CXTECUYS WOIR-Up

L) gave the crude mesylate 8a,
General procedure for the preparaiion of alkyi substituted methyienecyciopropanes (2)

To a solution of 1 (0.40 mmol) in solvent (4 mi) (see Table 1) was added TBAF (1 M in THF, 0.8 ml,
0.8 mmol), and then the reaction mixture was stirred for 5 min-1 h at rt. The mixture was poured into water and
extracted with ether. The extracts were washed with brine, dried over MgSO, and evaporated to dryness. The
residue was purified by column chromatography.
3,3-Difluoro-2-(4-methoxybenzyloxymethyl)methylenecyclopropane (2a)

ch.mmamwmhv ( hexanﬂll\r‘ﬂp' =8: ') gave 2a (63 mg, 66 %) as a colorless oil. IR (neat) v cm™; ,
1514, 1250, 1173. 'H-NMR (400 MHz, CDC1,)é ; 2.53 (1 H, m), 3.54 (1 H, ddd, J = 10.8, 8.4, 1.9 Hz),

\

s ¥

46 (1 H,d, J=11.5H2),4.53(1H, d, /=
11.5 Hz), 5.74 (1 H, dd, /=4.5, 2.3 Hz), 6.04 (1 H, ddm, /= 1.7, 1.7 Hz), 6.90 (2 H, m), 7.29 (2 H, m).
C-NMR (100.6 MHz, CDCL)& ; 29.3 (dd, J = 12.4, 12.3 Hz), 55.2, 65.3, 72.3, 107.0 (dd, J = 291.6,
291.6 Hz), 112.7, 113.8, 129.3, 129.7 (dd, J = 7.5, 7.3 Hz), 129.9, 159.3. "F-NMR (376.5 MHz,
CDCL,)8; -78.0(1 F, d, J = 179.0 Hz), -65.2 (1 F, dd, J = 179.0, 10.0 Hz). MS (EI) m/z; 240 (M"), 136,
121.  Anal. Caled for C,,H,,F,0,: C, 64.99; H, 5.87. Found: C, 64.85; H, 6.01.

3,3-Difluoro-2-{7-(4-methoxybenzyloxy)heptylJmethylenecyclopropane (2b)

T A1

3.64 (1 H, dddd, J = 10.8, 6.3, 3.4, 1.3 Hz), 3.81 3 H, s),

Jhn

Compound 2b was prepared from 1b (100 mg, 0.19 mmeol) in THF. Purification by column

- 1) pave o as a colorless o fagt) v om!
chromatography (hexa.".e/AcO" =8: 1) gave 25 (56 mg, 91 %) as a colorless oil. IR (n t) vV aim o, 2934,
4 Ay 1 1 - O £ /11 N ~
1513, 1249, 1173. 'H-NMR (400 MHz, CDCL,)6; 1.33-1.70 (12 H, m), 2.15 (1 H, dm, /= 3.3 Hz), 3.50 (2

H,t,J=6.6Hz),3.85(3 H, s), 4.49 2 H, s), 5.68 (1 H, dd, J = 4.6, 2.4 Hz), 5.99 (1 H, dm, J = 1.6 Hz),
6.94 (2 H, m), 7.32 (2 H, m). *C-NMR (100.6 MHz, CDCL,)é ; 25.9, 26.1, 28.6, 28.9, 29.2, 29.3 (t, J =
12.8 Hz), 29.7, 55.2, 70.1, 72.5, 108.1 (dd, J = 292.5, 292.3 Hz), 110.6, 113.7, 129.2, 130.7, 133.2 (dd, J
=7.0, 6.9 Hz), 159.1. "°F-NMR (376.5 MHz, CDC1,)8; -79.8 (1 F, d, J = 176.0 Hz), -64.8 (1 F, dd, J =
176.0, 12.0 Hz). MS (EI) m/z; 324 (M), 302, 191. Anal. Caled for C,H, F,0,: C, 70.35; H, 8.08. Found: C,
70.18; H, 8.13.

3,3-Difluoro-2-hexyl-methylenecyclopropane (2c¢)

=7 3s)

| o
Compound 2¢ was prepared from Ic (2.11 g, 6.0 mmol). Purification by column chromatography
{(hexane/AcOEt = 40 : 1) gave 2¢ (872 mg, 84 %) as a colorless oil. 'H-NMR (400 MHz, CDC CDCl1,)6; 0.89 (3H,
br.t, /=6.8 Hz), i.25-i.38 (6H, m), i.38-1.48 (ZH, m), 1.48-1.62 (ZH, m), 2.04-2.15 (iH, m), 5.63 (iH,

dd, J=4.6, 2.4 Hz), 5.94 (1H, m). "C-NMR (75.2 MHz, CDCl,) § ; 14.1, 22.6, 26.0, 28.8 (d, J =7.38 Hz),
29.4 (dd, J =13.4, 10.8 Hz), 31.7, 108.2 (1, J =292.5 Hz), 110.6, 133.4 (t, J =6.8 Hz). ''F-NMR (376.5
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MHz, CDCL,) 6 ;-79.8 (1F, d. J=176 Hz), -64.8 (IF, dd, J=176, 12 Hz). MS(EI) m/z ; 174 (M"), 159, 104.
HRMS; Calced for C H,,F, (M*-CH,): 159.0985, Found: 159.0984.
3,3-Difluoro-2-(4-methoxybenzyloxy)methyl-1-methylidenecyclopropane (2d)

Compound 2d was prepared from less polar-1d (104 mg, 0.27 mmol). Purification by column
chromatography (hexane/AcOEt = 5 : 1) gave 2d (68 mg, 99 %) as a mixture of stereoisomers (E /Z =2.7 : 1).
The mixture was separated by MPLC (hexane /AcOEt = 10 :1). less polar-2d: colorless oil. IR (neat) v cm?;

177 1614 TH_NMD (40N MLEI» OTW] \S 1 ON (T Add T-.17 1 £ Q D ALTaY D) AL (1L )Y 2 &1 (11
Li7N, LULT. XXTIVIVOR \(FUV IVHLL, CLAUL U TV \JLL, UL, J=14L.1, V.0, L. U 11L), L.9T (111, 111}, O.J1 111,
1.1.1 r_tn & 9O 1 O YN\ " £ 11¢7% 2131 y_in g £ 72 1 A 1 1 IY_\ N O AYY \ Y U] r

dad, /=140.5, 8.2, 1.8 Hz}, 3.66 (iH, daddd, J=i0.5, 6.3, 3.4, 1.1 Hz), 3.8 s
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NIHZ, CDCIC,) 5 ; 16.9, 28.7 (t, J=12.5 HZ), 55.2, 65.6 (d, J=2.8 Hz), 72.3, 107.6 (t, J/=290.1 Hz), 113.8,
121.4 (t, J=7.6 Hz), 125.2, 129.2, 130.1, 159.2. "°’F-NMR (376.5 MHz, CDCl,) 6 ; -78.6 (IF, d, /=174 Hz),
-63.6 (IF, dm, J=174 Hz). MS(EI) m/z; 254 (M*), 224, 209. Anal. Caled for C, H, F,0,: C, 66.13; H, 6.34.
Found: C, 66.00; H, 6.41. more polar-2d: colorless oil. IR (neat) v cm™; 1770, 1614. '"H-NMR (400 MHz,
CDCl, )6; 1.95 (3H, m), 2.48 (1H, m), 3.51 (1H, ddd, J=10.5, 8.3, 1.8 Hz), 3.61 (1H, dddd, J=10.5, 6.0,

3.4, 1.3 Hz), 3.81 (3H, s), 4.46 (1H, d, J=11.5 Hz), 4.52 (1H, d, J=11.5 Hz), 6.10 (1H, m), 6.91 (2H, m),
7.28 (2H, m). *C-NMR (100.6 MHz CDCl,) 6 ; 18.3, 29.3 (t, J=12.4 Hz), 55.1, 65.7 (d, J=2.4 Hz), 72.1,
107.8 (t, J=290.6 Hz), 113.8, 120.9 (i, /=6.3 Hz), 125.7, 129.2, 130.0, 159.2. "F-NMR (376.5 MHz,
CDCL) 6 ; -77.9 (IF, d, J=176.0 Hz), -64.9 (iF, dd, J=176.0, 9.0 Hz). MS(EI) m/z; 254(M"), 224, 209.
Anal. Calcd for C, H, F,0,: C, 66.13; H, 6.34. Found: C, 65.84; H, 6.37

3,3-Difluoro-2-hexyl-1-propylidenecyclopropane (2e)

less polar-2e: colorless oil. IR (neat) v cm™'; 1762. '"H-NMR (400 MHz, CDCl,)5; 0.89 (3H, t, J =6.7
Hz), 1.11 (3H, t, J=7.4 Hz), 1.21-1.36 (6H, m), 1.37-1.58 (4H, m), 2.02 (1H, m), 2.25 (2H, dm, J=3.0 Hz),
6.10 (1H, dddm, J=8.0, 5.3, 2.6 Hz). "*C-NMR (100.6 MHz, CDCL,) § ; 11.8, 14,1, 22.6, 25.5, 26.4 (d,
J=3.1 Hz), 28.7 (t, J=13.4 Hz), 28.8, 31.7, 108.8 (dd, J=292.1, 291.6 Hz), 122.6 (dd, J=6.8, 6.0 Hz),
130.1. YF-NMR (376.5 MHz , CDCL) d; -76.
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polar-2e: colorless oil. IR (neat) vem'; 1762 "H-NMR (400 MHz CDC13)5 9 (3H, t, J =7.0 Hz), 1.08
(3H, t, J=7.5 Hz), 1.22-1.38 (6H, m), 2.07 (1H, m), 2.24 (2H, ddm, J=5.0, 2.3 Hz), 6.39 (1H, td, J=6.7,
3.1 Hz). "C-NMR (100.6 MHz, CDCL) 6 ; 13.1, 14.1, 22.6, 24.7, 26.8 (d, J=3.1 Hz), 28.9, 29.0 (dd,
J=12.8, 11.0 Hz), 29.2, 31.7, 108.5 (dd, J=290.5, 290.4 Hz), 123.0 (dd, J= 6.9, 6.7 Hz), 129.3. "F-NMR
(376.5 MHz, CDCL,) 6 ; -78.9 (IF, dd, J =171.1, 1.8 Hz), -63.6 (1F, ddm, 171.7, 10.3 Hz). MS(EI) m/z;
187 (M*-CH,), 173, 159. HRMS; Calcd for C,,H, F, (M*): 202.1533, Found: 202.1531.

3,3-Difluoro-2-phenylmethylenecyclopropane (2f) and 2-Methyl-3-phenylcyclopropenone

(126)
Li&l)
Aftar ctirrinag a mivhiraaf 1£f 7/ 1M mo 0 A mmall and TRAE (1T M in THE 0O 2 ml N R mmal) in THE
AT SUITHIE a MUAWIC Ul 11 \ 14V g, v.5 N0 aliu 1000 (L vl il 11010, V.0 I, V.0 bldivly il irix
Voo YR TR VOOt o I SRT-GUNSCI(, AJ T DR, S P . IR S RO LN and exira JPUR LYY R I L .
(£ 1) Al -£ZU U 10T O TN { 14oic 3, 0 ll'y 1), ln€ mnuun: was pUUI‘CU nto water and extractea with etner. ine

extracts were washed with brine, dried over MgSO, and evaporated to dryness. The residue was purified by
column chromatography (hexane/AcOEt=10 : 1, then AcOEt) to give 2f (53 mg, 80 %), 12f (3 mg, 5 %) and
the recovery of 1f (13 mg, 11 %). 2f: colorless oil. IR (neat) v cm’'; 3028, 1862, 1736. 'H-NMR (400 MHz,



CDCl,)0; 3.31 (1H, ddd, J =3.5, 7.1, 10.3 Hz), 5.87-5.91 (1H, m), 6.17-6.21 (1H, m), 7.13-7.18 (2H, m),
7.19-7.30 (3H, m). *C-NMR (100.6 MHz, CDCL,) § ; 34.2 (t, J =12.7 Hz), 106.1 (dd, J =292.3, 297.2 Hz),
114.0, 127.4, 128.3, 128.5, 130.8 (t, J =7 Hz), 132.0(d, J =2.9 Hz). '’"F-NMR (376.5 MHz, CDCL,) § ; -
78.0 (1F, dd, J=172.4, 3.8 Hz), - 63.1 (1F, dd, 172.4, 10.2 Hz). MS(EI) m/z; 166 (M"), 151, 146. HRMS;
Calcd for C,,H,F, (M’): 166.059407, Found: 166.058923. 12f: colorless crystals. mp.68-69.5 °C (from
hexane-AcOE!). IR (CHCL) v cm’; 3008, 1856, 1630. 'H-NMR (300 MHz, CDCL,)&; 2.49 (3H, s), 7.45-

WAL 2L SARIO, 2000, 1VO0U. ARTANLVER IV YAIRL, Ao \~aiy

7.60 (2H, m), 7.74-7.82 (2H, m). 13CNMR(7‘§2MHZ CDCl,) 6 ; 11.4, 123.5, 129.0, 130.8, 132.3, 151.5,

g "(‘I T _...Iw . A 2 i — - .
154.5, 156.5. MS(ED) m/z ; 145 (M'+1), 115. Anal. Caled for C, H,0: C, 83.31; H, 5.59. Found: C, 83.07;
Yy
H
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3,3-Difluoro-2-(4-methoxyphenyl)methylenecyclopropane (2g) and 2-Methyl-3-(4-methoxy-
phenyl)cyclopropenone (12g)

To a solution of 1g (328 mg, 1.0 mmol) in THF (2 ml) was added TBAF (1 M in THF, 2.0 ml, 2.0
mmol) at 0 °C, and then the reaction mixture was stirred for 10 min at the same temperature (Table 3, Entry 4).
The mixture was poured into water and extracted with ether. The extracts were washed with brine, dried over
MgSO, and evaporated to dryness. The residue was purifi

dryne The residu purified by column atography (hexa
1 then AcOE!) to give 2g (143 mg, 73 %) and 12¢g (18 mg, 10 %) in the order of elution. 2g colorless oil:
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. .8 Hz), 6.87 (2H, d, J =8.°¢
Hz), 7.15 (2H, d, J =8.6 Hz). "'C-NMR (75.2 MHz, CDCI)O 334(t I—126Hz), 55.2, 106.1 (dd, J
=296.7, 291.8 Hz), 113.8, 123.8 (d, J =3.1 Hz), 129.4, 131.2 (1, J =6.8 Hz), 159.0. ’"F-NMR (376.5 MHz,
CDCL,) 6 ; -78.2 (1F, d, J =172 Hz), -63.6 (1F, dd, J =173, 10 Hz). MS(ED) m/z ; 196 (M"), 181, 176, 165.
HRMS; Calcd for C, H,,OF, (M"): 196.0700, Found: 196.0701. 12g: colorless crystals. mp 102-103 <C.
IR (CHCL) v cm™; 3004, 1858, 1734, 1622, 1604. 'H-NMR (400 MHz, CDC1,)§; 2.42 (3H ,s), 3.87 (3H, s),
6.99 (2H, m), 7.72 (2H, m). *C-NMR (75.2 MHz, CDCL,) 6 ; 11.0, 55.2, 114.4, 116.3, 132.9, 147.3,

153.6, 156.2, 162.5. MS(ED) m/z; 175 (M'+1), 159, 146, 131. HRMS; Caled for C,H,,O (M'-CO):
146.0732, Found: 146.0761
2-(4-Chiorophenyl)-3,3-difiuoro-methylenecyciopropane (2Zh) and 2-(4-chiorophenyl)-3

meihyicyciopropenone (iZh)

Compounds 2h and 12h was prepared from 1h (390 mg, 1.17 mmol) at -70 °C (Table 3, Entry 6). The
products were purified by column chromatography (hexane/AcOFEt =50 : 1 then AcOEt) to give 2h (109 mg,
46 %) and 12h (46 mg, 25 %) in the order of elution. 2h: colorless oil. IR (CHCL,) v cm’; 3040, 1764,
1490. 'H-NMR (400 MHz, CDCL)d; 3034 (1H, m), 5.97 (1H, d, J=3.1 Hz), 6.28(1H, d, J=3.1 Hz), 7.15
(2H, d, J=8.3 Hz), 7.30 (2H, d, J/=8.3 Hz). "C-NMR (100.6 MHz, CDCl,) § ; 33.4 (1, J =12.9 Hz), 105.8

(dd, 7=292.0, 297.3 Hz), 114.5, 128.7, 129.6, 130.5 (t, J=7.1 Hz), 130.6 (d, /=3.2 Hz), 133.4 YF.NMR
(376.5 MHz, CDCL,) § ; -77.8 (IF, d, J=172 Hz), -63.2 (IF, dd, J=172, 10 Hz). MS(EI) m/z; 200, 1

1 A AS
HRMS Calcd for C,OH CIF, (M"): 200.0204, Found: 200.0202. 12h: colorless crystals. mp 116-117 C.
IR (CHCL,) v cm’; 3020, 1858, 1634. '"H-NMR (400 MHz, CDCi ,)6; 2.49 (3H, s), 7.51 (ZH, m), 7.71
(2H,m). C-NMR (75.2 MHz, CDCL) 6 ; 11.5, 121.9, 129.5, 132.0, 138.6, 151.9, 153.4, 156.1. MS(EI)

w/z; 179 (M), 152. Caled for C, H,ClO: C, 67.24; H, 3.95. Found: C, 67.00; H, 4.21.
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2-Methyl-3-(4-methoxybenzyloxyheptyl)cylopropenone (12b)

Under argon atmosphere to a suspension of KOBu' (57 mg, 0.51 mmol) in THF (3 ml) was added 2b
(110 mg, 0.34 mmol) in THF-DMF (5 ml-2.5 ml) at 0 C. The reaction mixture was stirred at 0 °C for 17 h.
The mixture was poured into NH,Cl solution and extracted with ether twice. The extracts were washed with
brine, dried over Na,SO, and evaporated to dryness. Purification by column chromatography (hexane/AcOEt =

1:3) gave 12b (88 mg, 75 %) as a colorless oil. IR (CHCL,) v cm™; 3000, 1850, 1616. 'H-NMR (400 MHz,
CDCL)é; 1.28-1.42 (6H, m), 1.54-1.62 (2H, m), 1.63-1.72 (2H, m), 2.23 (3H, s), 2.56 (2H, t, J=7.3 Hz),
3.42 (2H, t, J=6.5 Hz), 3.78 (3H, s), 4.41 (2H, s), 6.86 (2H, d, J=8.9 Hz), 7.24 (2H, d, J=8.5 Hz). *C-
NMR (100.6 MHz, CDCl,) 6 ; 11.2, 25.96, 26.0, 26.2, 28.9, 29.1, 29.6, 55.2, 70.0, 72.5, 1i3.7, 129.2,

130.7, 156.9, 159.1, 159.7, 161.5.
1-Benzoyloxymethyl-2-benzyloxymethyl-3,3-difluoro-1-trimethylsilylcyclopropane (14)
Similarly to the preparation of 1a, addition of difluorocarbene to the TMS-olefin 13 gave 14 as a
colorless oil. IR (neat) v cm'; 2958, 1722, 1273, 843. 'H-NMR (400 MHz, CDCL,) ; 0.23 (9 H, s), 2.06 (1
H, ddd, /=13.0, 7.8, 7.7 Hz), 3.73 (2H, m), 4.37 (1 H, dd, /= 11.8, 1.7 Hz), 4.49(1 H, d, J=11.8 Hz),
4.53(1 H,d, J=11.6Hz), 459 (1 H,d, J= 11.6 Hz), 7.26-7.38 (5 H, m), 7.43 (2 H, m), 7.57 (1 H, m),
8.06 2H, m). ""C-NMR (100.6 MHz, CDCl,)8; -0.29, 24.0 (dd, J = 18.6, 6.9 Hz), 32.0 (dd, J=9.7, 9.6

Hz), 64.0, 66.3 (d, J= 8.3 Hz), 72.4, 117.5(dd, J = 293.8, 279.6 Hz), 127.6, 127.7, 128.4, 128.4, 129.6,
9 Eaval e ¥ PV -G I 0 & PR O A 4 T 11 x

133.1, 137.8, 166.3. ""F-NMR (376.5 MHz, CDCl,) §; -70.3 (1 F, d, / = 157.0 Hz), -68.2 (1 F, dd, J =

157.0, 13.0 Hz). MS (EI) myjz; 404 (M), 313, 105, 91.  Anal. Calcd for C,,H,F,0,Si: C, 65.32; H, 6.48

Found: C, 65.53; H, 6.55.
(25*%,1°S*) and (25*,1’R*)-2-Amino-2-(2-benzoyloxymethyl-3,3-difluoro-2-trimethylsilyl-
cyclopropyl)acetonitrile (16)

Under hydrogen atmosphere a mixture of 14 (7.8 g, 19.4 mmol) and Pd(OH), in AcOEt (10 ml) was
stirred for 12 h at rt.  The reaction mixture was passed through silica-gel pad to remove insoluble material b

)

was stirred for 45 min, then this was traeied with memylamine (2.0 mil, 14.6 mmotl) for 15 min at -78 C and
for another 15 min at rt. The reaction mixture was poured into water and extracted with ether (30 ml x 2).
The organic extracts were washed with brine, dried over MgSO, and concentrated to give the crude aldehyde 15
(880 mg, 97 %). A mixture of the crude aldehyde (848 mg, 2.6 mmol), KCN (172 mg, 2.1 mmol) and
NH,CI (155 mg, 2.9 mmol} in Et,O (10 ml), 30 %NH,OH (0.5 ml) and water (1.2 ml) was stirred for 6 h at rt.
After addition of sat. NaHCO, solution, the reaction mixture was extracted with AcOEt and the organic extract
was dried over MgSO, and concentrated. The residue was chromatographed (hexane/AcOEt=10:1-4:1)to

give (25*,1’5*):6 (163 mg, 18 %) and (ZS*,I'R*)—lé (140 mg, 16 %), respectively. (25*,1'5*)-15:
colorless oil. IR (neat) v cm'; 1719, 1275, 846. 'H-NMR (400 MHz, CDC1,) &,0.26 (9 H, s), 1.78 2 H,
brs), 2.11 (1 H, dd, /= 11.0, 10.8 Hz), 3.64 (1 H, d, /= 10.8 Hz), 4.34 (1 H, dd, J = 12.0, 1.6 Hz), 4.44
(1 H, dm, J=12.0 Hz), 7.46 (2H, m), 7.58 (1 H, m), 8.03 (2ZH, m). !*C-NMR (100.6 MHz, CDCl,) é; -
0.47, 25.2 (dd, J = 18.5, 6.5 Hz), 35.9(dd, J = 10.0, 9.7 Hz), 38.5 (d, J = 3.5 Hz), 65.2 (d, /= 7.5 Hz),



115.7 (dd, J = 296.9, 278.3 Hz), 120.6, 128.5, 129.6, 133.3, 166.2. "’F-NMR (376.5 MHz, CDCL) &, -71.0

(1F,d,J=161.0Hz), -68.7 (1F, dd, J= 161.0, 11.0 Hz). MS (EI) m/z; 339 (M), 323, 312, 105. Anal.

Caled for C,(H,,F,N,0,Si: C, 56.78; H, 5.96; N, 8.28. Found: C, 56.80; H, 6.01; N, 8.22. (25*,1’R*)-

16: colorless oil. IR (neat) v cm’; 1720, 1274, 846. 'H-NMR (400 MHz, CDCL,) & 0.29 (9 H, s), 1.86 (2

H, brs), 2.06 (1 H, dd, J = 12.0, 10.7 Hz), 3.79 (1 H, d, J = 10.7 Hz), 4.36 (1 H, dm, /=12.0 Hz), 4.41 (1

H, dd, J = 12.0, 2.0 Hz), 7.44 (2 H, m), 7.56 (1 H, m), 8.08 (2 H, m). *C-NMR (100 6 MHz, CDCL,) &; -
3

75 ~3 ~
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(M‘L) 323, 105, 77. Anal. Calcd fo
6.20; N, 8.13.
Methyl (25%,1'S*)-N-Boc-2-(3,3-difluoro-2-methylenecyclopropyl)glycinate [(25*,1'S*)-
17]

After a mixture of (25*,1°S*)-16 (57 mg, 0.17 mmol) and TBAF (1 M in THF, 0.17 ml) in THF (3 ml)
was stirred at rt for 15 min, sat. NaCl solution was added and the mixture was extracted with AcOEt. The
organic extract was dried over MQQ() and concentrated to leave a residue, which was dissolved in MeOH (4

ml) containing AcCl (0.12 ml) and the whole was stiirred at rt for 12 h.  After concentrated under reduced

'\ﬂl\ﬂn“-\r\ hn o ses xxrnn benntad mritle NTLIMVOY 714 1 s ‘l o} __—._ AN e I B LN e vy /CE Tig n <
PICDD s WIT 1Cbxuuc Wady ucawu Wil I‘OMILU Li91l g o 11 ai U Ul l(:"l Uul)’l aicaroonac I lg, U. L)
mmol) in a mixture of dioxane (3 mi) and water (1 mi) at rt for 3 h. Extractive work-up (AcOE#) followed by

purification by column chromatography (hexane/AcOEt=8 : 1) gave (25*,1'§*)-17 (22 mg, 48 %) as colorlesss
crystals. mp 49.5-50.5 °C. IR (KBr) vem''; 3361, 1744, 1681, 1523, 1162. 'H-NMR (400 MHz, CDCL,) §;
1.44 O H,s), 2.56 (1 H, m), 3.78 3H, S), 4.30 (1 H, brs), 5.21 (1 H, brs), 5.80(1 H, s), 6.10(1 H, d, J =
3.2 Hz). "C-NMR (100.6 MHz, CDCL,) &;28.2, 30.8 (t, /= 12.4 Hz), 50.6, 52.8, 80.4, 105.8 (dd, J =

291.7, 293.9 Hz), 114.1, 128.3(t, J = 7.6 Hz), 154.9, 170.7. "*F-NMR (376.5 MHz, CDCl,) 6;-64.4 (1 F, 4,

J=179.5 Hz), -75.5 (1 F, d, J = 179.5 Hz). MS(CI) m/z; 278(M*+1), 260, 222, 216, 178. Anal. Calcd for

C H FNO,:C 5198 H, 6,18 N, 5.05. Found: C, 52.21;: H, 6.30; N, 4,73,
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Methyl (25*,1'R*)-N-Boc-2-(3,3-difluoro-2-methylenecyclopropyl)glycinate [(2S*,1'R*)-

=~

i7i}

(28%, 1'R*)-17: colorless crystais. mp 67.5-68.8 °C. IR (KBr) v cm*; 3365, 1730, 1680, 1518. 'H-
NMR (400 MHz, CDCl,) & 1.42 (9 H, s), 2.56 (1 H, brs), 3.78 (3 H, s), 4.28 (1 H, brs), 5.19 (1H, d, J =
7.9 Hz), 5.80 (1 H, s), 6.09 (1 H, d, J = 3.2 Hz). "*C-NMR (100.6 MHz, CDC},) §; 28.2, 30.4 (t, J = 12.3
Hz), 50.8, 52.7, 80.3, 105.9 (t, J = 294.0, 291.2 Hz), 114.7, 127.8 (t, J = 7.5 Hz), 154.8, 170.8. "F-
NMR (376.5 MHz, CDCl,) §; -64.7 (1 F, d, J = 180.6 Hz), -75.5 (1 F, d, J = 180.6 Hz). MS(EI) m/z; 278

M*+1), 262, 221, 204, 178, 162, 158, 133, 118, 98, 57. Anal. Calcd for C,,H,,F,NO,: C, 51.98; H, 6.18; N,

5.05. Found: C, 52.12; H, 6.36; N, 4.76.
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